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Dust* 
What It Is, What It Does and the Reason for Its Being Where It Is 
IN a ('j'J'tuill Jo;PII)-:P we all know what dust is-some­
thing vcry plentiful aud often extremely annoying. 
'l'he honsekeeper is plagued very much with it. Sbe 
sweeps it oft' the mantelpiece with her cloth, but whither 
does it go'j In most cases either back again to its old 
place or on to another piece of furniture which very 
probably has only just been swept clear of it. Since 
dust is so plentIful oue ought to become extremely 
familiar with what it is, what it does, what are its 
advantages and disadvantages, and the reason for its 
being where it is. But it is very questionable whether 
W(' give it very much thought. 
llul'It is found over land and sea, but it is obvious 
that dust must be more plentifnl over the land. How· 
eVf'r, Dr. J. Aitken, of Glasgow, has devoted a large part 
of his time to the stndy of its prevalence. In 18m he 
dcyised an instrnment, called a "dust counter," by 
mt'ans of which hc has detected and counted particles 
of du�t. Thc following figures are only very approxi· 
matc.: 
Numbcr of !lust Parts 
per c.c. 
2,000 
600 
500·200 
As much 8S 
150.000 
14.000-100 
Place. 
Atlantic Ocean 
Pacific Ocean 
Indian Ocean 
l.ondon, Edinburgh, 
etc. 
Ben Nevis. 
Measurements on Ben Nevis have revealed a diurnal 
range, maximum in the afternoon (ascending air cur· 
rents), and minimum in the early morning. Approxi­
mately for every th:F:ee thousand feet nscent the amount 
becomes four-fifths of the number at the lower level. 
How many dust particles lllUst an itlYeterate smoker 
puff out in a lifetime when with one puff he expels 
4,000,000,000, and what must be the number from the 
exhaust of a petrol motor: 
The number of dust particles ha� lately increm!ed near 
country roads owing to the great increase in motor 
traffic-as we all know to our cost. Tuberculosis has 
been noticed to have become more prevalent amongst 
cattle grazing near a dusty highway, and in frnit-grow­
ing districts the dust clogs the pores of the leaves, 
causing thereby loss to the gardener. 
The causes of excessive dust formation on the roads 
are chemical, physical, and mechanical, and to-day 
methods of prevention are of two classes-(a) sanitary 
removal by sprinkling with water or some suitable hygro.­
scopic solid, and (b) tar-spraying the roads. The latter 
method is now largely adopted Tar-spraying, however, 
has its disadvantages. Thus in a recent paper we read 
of the Carmarthenshire Main Roads Committee consider· 
ing a claim for damages from a bee-keeper whose stock, 
It was maintained, had all died owing to the tar-spray· 
ing of the adjacent road. Fish in streams have been 
poisoned, thus causing an inquiry into the least injurious 
tar for tar-spraying purposes. Authorities appear to 
agrcc in their idcas of a future road. Hubbard sugge8ts 
"a bituminous concrete surface with a cement concrete 
base," and this has been tried in the United States with 
reasonable SUcef'Ss. Sir John Macdonald snggests a 
carpeted road, the carpet to consist of bitumen and laid 
on a surface of stone held together by some pitchy 
substance. 
The main causes in the upraising of dust by motors, 
and so on, are (a) cyclonic air currents produced in 
the rear, (b) the great tractive force of the hind wheels, 
together with (c) their uneven turning motion. 
Dusts are either harmless or harmful. The dust 
which flies about the rooms in bakeries and wood 
turneries Is harmless and, according to some people, 
fattening. Coal dust and that which hangs about the 
mills of T.ancashire and Yorkshire are more or less 
harmful. According to certain authorities the coal 
miner is least troubled with lung diseases. Tin miners, 
quarrymen, potters, stonemasons, and filemakers are, in 
decreasing order of magnitude, subject to respiratory 
diseases. Workers in most chemical works are con· 
siderably atIected by the corrosive action of the chemIcal 
dusts. A visit to a soap works reveals the precautions 
tal{en by workers near caustic tanks. Even people out­
side the works have uncomfortable experiences with 
floating particles of caustic. Then, again, it Is only 
recently that we have had legislation for the improve­
ment of the conditions for the phosphorus worker. 
Even now "phossy jaw" is not extinct at these works. 
In 1868 Tyndall wanted to have aIr treed from dust 
• From JrnowWge. 
By William Swaine 
as far as possible In order to carry 011 some delicate 
experiments. This led him to investigate the nature of 
dust. He found that if the air in a chamber were kept 
still, the dust settled and could be received as it settled 
by some suitable liquid, e. g., glycerine. But it was not 
freed from dust. Hence he adopted the plan of passing 
air over a red-hot spiral of platinum wire contained in 
a tube. This was the purest he obtained. Finding in 
1878 that no fermentation took place in his dust-freed 
air, knowing that fermentation was caused by germs, 
he arrived at the conclusion that there was some con­
nection between dust and germs. Nowadays we know 
that what is usual1y cal1ed dust is really multitudes of 
microbes adhering-to genuine dust. It was to Pasteur's 
,credit that the "germ theory" of disease was discov· 
ered, and with the introduction of Listerism it has been 
asserted that ''more human lives have been saved than 
the wars of the last century have sacrificed." The core 
of Listerism is the use of the carbolic spray with which 
a wound and the neighboring air are dosed, thus killing 
any fatal microbes. Now microbes cannot live in fresh 
air and sunlight, and thus doctors advocate a combina· 
tion of these two as a preventive. Again, the number of 
microbes varies directly as the number of dust particlel3; 
the smal1er the amount of dust the less the number of 
microbes, and consequently the decrease in pulmonary 
diseases. What a hot-bed ot disease must our dustbins 
be where organic refuse and coal ashes are thrown to 
decompose together! As has been stated previously, 
the higher we ascend the smaller the number of dust 
particles, and consequently we see why mountain air is 
so beneficial to persons suffering from consumption. 
PHYSIOGBAPHICAL ASPECT. 
Hepresented as a short genenlogical tree: 
Mineral 
(Salts) 
Atmospheric Dust. 
Volcanic 
(various) 
I 
Products of Cosmic or 
Combustion Meteoric 
Dr. J. Aitken was 
(carbon, sulphur) (chiefly iron) 
the first to show that when water 
vapor condenses in the atmosphere it always does so 
on some nucleus, e. g., dust particles. His dust counter 
employs this principle. These are not, however, the 
only agency. Mr. C. T. R. Wilson has shown that air 
which is free from dust, but ionized, is capable of hav­
ing water vapor condensed in it. Very probably phe­
nomena such as fogs, clouds, mist, or rain are due to 
both these influences, dust being plentiful and ionization 
caused by the radio-active elements present in the at­
mosphere, and by sunlight. More recently Dr. Aitken 
has offered an explanation of fog. If sulphur dioxide 
be exposed to a strong beam of white light it decom· 
poses, slowly producing a yellow fog of sulphur. Now 
sulphur dioxide issues forth with other products of 
combustion from the mouths of chimneys. With the 
action of sunlight, and a little moisture in the fornl of 
water vapor being present, a fog is  produced The 
characteristics of the London fog are easily explained 
by this. 
The magnificent sunsets which can be seen in different 
parts of the earth, and the reddish color at both dawn 
and twilight, are due directly to the presence of dust 
particles and water vapor. In the morning and evening 
the light from the sun has to travel through the greatest 
thickness of aIr and dust, and since the blue rays ar9 
more easily scattered than the red we have the fam11lar 
gradation of spectral tints seen at these times. Occa­
sionally there is a second sunset, which is a reflection 
in the clouds of a more brilliant primary one. These 
primary and reflected sunsets were much in evidenc� 
whilst the Krakatoa dust (Autumn, lSR3) was spread 
In. a layer about fifteen miles above the surface of the 
earth in a broad belt about the tropics, lasting an hour 
or two after the real sunset. The "Bishop's Ring" was 
the name given to the coronae which were formed by 
the sun shining through the dust. These coronae were 
an outer edging to the sun's disc, blue on the inside, 
passing through the various colors of the spectrum, the 
outermost being red The sunsets at that time were 
unusually vivid, and the story runs of an American fire 
brigade setting out to put out an alleged fire at a neigh­
boring village from which the glow appeared to come. 
But the Krakatoa eruption is not the only instance. 
After the Messina disturbance a few years ago the sun� 
sets attracted people's attention, and it was noticed in 
meteorological circles that our cltmatal conditIons suf· 
rered a change. In 1783 ",Jcanle dlllt (traced attar· 
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wards from Skaptar Jokul, l<'ehmd) descended on the 
Orkneys and Shetlands and North Seotland, ruining 
(TOpS. In this way the dust was carried a distHnce of 
over six hundred miles. Coseguina (Nicaragua) vol· 
cano, in 1835 threw out enough dust to cause utter dark­
ness for 35 miles radius, and which, when it fen, WliS 
10 feet deep. In 4 days an upper aerial current carried 
some dust 700 miles. So-called "mud lavas" are really 
the extremely fine volcanic dusts gathered and mixed by 
the water, belching forth out of the crater, and often 
doing more damage than would have resulted from a 
true lava stream. 
Cosmic dust is formed by the disintegration of me· 
teorites owing to friction (they travel from 2G to 40 
miles per second) with our atmosphere. The luminosity 
of shooting. stars is due to the rapid combustion of the 
meteoric dust in the train of a meteorite. 
The presenee of sodium salts in thc air is easily dem· 
onstrated by brushing the dust from fmc's dothcs into 
a non-luminous flame. 'l'he characteristic yellow of 
sodium is much in evidence. Very probably the ocean 
spray accounts for its presence. Salts of copper havc 
been detected in city air, and accounted for by the 
electric flashes of overhead cables. 
With the chemical we arrive at the most interesting, 
and perhaps the most important, side of dust phenom· 
ena. Until recently it was considered that fire�damp 
was the sole cause of coal· mine explosions, but experi· 
ence has shown that within the last 10 years explosions 
have occurred more frequently in wel1-ventilated mines. 
Thus causes have been traced to coal dust which, in the 
presence of air, is very explOSive. Probably the reason 
is that oxygen in a wel1-venti1ated mine is continually 
absorbed by the fine coal dust, whilst the neighboring 
air does not become stale. This combination is very 
dangerous:. Dr. Harger, at Liverpool, consequently sug­
gested "a small reduction in the percentage of oxygen, 
and the addition of a little carbon dioxide to such an 
extent as not to be harmful to respiration, and to render 
coal-dust ignition impossiblQ." He further advised the 
Introduction into the mine atmosphere of flue gases. 
purified from harmful gases and smoke. "It would," 
he said, "provide immunity, not only from coal-dus1 
explosion, but from fire-damp explosions, and as regards 
respiration would be as good as ordinary air, and for 
people liable to consumption better." But the miner 
does not relish the idea. 
Possible dangers of firing fire-damp, or coal dust, are; 
(1) Lamps of all descriptions; (2) electric leakage 
,'ausing a spark; (3) blasting explosives; whilst it is 
advisable that fire-damp should not accumulate. Prof. 
Th?rnton has investigated the danger derived from 
electric sparking. Messrs. Sellars and Campbell, at 
Manchester, have studied explosions of coal gas and 
air in the laboratory; but perhaps the most practicable 
investigations are thof'e employing incombustible dusts 
as a means of "quenching" any likelihood of the spread. 
Ing of flre by coal dust. Mr. William Garforth, at 
Altoft, and Prof. Dixon (by Ryalo Commission), at 
8skmeals, are diligently pursuing inquiries in this 
direction. Bicarbonate of soda and stone dust have 
been found most efficient; but the fact still remains that 
these mineral irritants, if inhaled, encourage pulmon· 
dry diseases. It is possible, however, to minimize this, 
and consequently this does not constitute a serious 01>-­
Jection. Owing to the continual accumulation of coal 
dust the stone dust, and so on, must also be replenished 
from time to time. The idea of keeping the inflammable 
tIust constantly wet in order to render it safe is attended 
with the serious objection that the miner would have to 
work under very unhealthy conditions. It must be 
remembered that the dust mu�t be continually swamped 
to prevent drying up; a state of affairs much :worse 
than before, since spontaneous combUstion is rendered 
more likely, especial1y if any sulphide be in close 
proximity. 
Referring to dust which accumulates in flour mills 
Rnd oil-cake works, Dr. Harger said that ordinary flour 
mills were on much the same plane as powder maga­
r.;ines. To test this in a small way we only need to 
enter a flour mill where the cleaner is sweeping the 
floors, and to see the disturbed dust Ignite at some 
burning gas-jet and endeavor to spread over the whole 
room. Measurements have shown us that flour dust is 
much more explosive than coal dust. Even bits of iron, 
when overheated by friction, are cap:lhl�· of inflaming 
this highly e:tplosive dust, and thus magnetic screens 
are now employed to attract any stray bill! ot trOD 
whleh mllJ' be present. 
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Attempts are being made to utilize coal dust owing to 
Its high calorific value, and it is very probable that it 
will some day be used to a larger extent Present-day 
methods of blowing the dust into furnaces are unsuc· 
cessful. 
The smoke nuisance dates as far back as Elizabeth, 
whilst attempts at abatement have been made by 
J. Watt (1785) and Cutler (1815). The causes are 
traced to imperfect combustion, due to (a) inadequate 
Bupply of air, and (b) wrong combustion temperature. 
Bmoke in itself is not very harmful, but the sulphuric 
acid produced from the sulphur in the coal is very 
Injurious, having a very corrosive action, and unfortu· 
nately it cannot be eliminated by the various methods 
adopted for smoke abatement The study of rain in 
different places suggests a method of determining 
qualitatively and quantitatively the constitution of 
atmospheric pollution. Tests with country and town 
rain8 show that town rain is acid, while country 
lain is neutral. Anthracite stoves are a successful at· 
tempt at decreasing the smoke nuisance, whilst experi­
ments are being made with liquid fuel and electricity. 
Perhaps in the future smoke will be a thing of the past, 
John Muir in College* 
JOHN MUIR, whose death has recently been announced, 
was a student at the Univer8ity of Wisconsin for a 
period of four years, beginning in the fall of 1860. 
My acquaintance with him began in the Spring of 1862. 
when I entered this department at a young age (four. 
teen years). After registration, the tutor led me 
down to the north dormitory. We entered the northeast 
corner room on the first floor without rap or signal. 
A young man, of about twenty-two years of age, was 
there busily at work sawing boards. The room was 
a strange looking place for the room of a college stu­
dent It was my first impression that the tutor was 
kindly showing me a branch of the college museum. 
The room was lined with shelves, one above the other, 
higher than a man could reach. These shelves were 
filled with retorts, glass tubes, glass jars, botanical and 
geological specimens and small mechanical contrivances. 
On the floor, around the sides of the room, were a num­
ber of machines of larger size, whose purposes were not 
apparent at a glance, but which I came to know later. 
The floor was covered with boards, sawdust and shav­
ings. After looking around a while, the tutor intro­
duced the young man as John Muir, with the remark: 
"This is your room and there is your roommate." Thus 
began my acquaintance with Muir, which quickly rip­
ened into a ciose and delightful college companionship. 
It is not commonly known that he was a mechanical 
genius, but he was, as evidenced by the many mechan­
ical devices that ciuttered his room. Time and space 
will not permit a description of all these devices nor 
their purposes. I will mention some of them. In the 
room were two wooden ciocks, both of which would 
keep the time of day, day of the month and month 
of the year. They were made with saw, jackknife and 
chisel. One was a perfect farmer's scythe, with two 
wooden blades; between. these blades were placed all 
the wheels, levers, etc., of II. perfect time-keeping clock. 
The pendulum was a ]{mg wooden arrow loaded at the 
bottom with several copper arrows to give it weight; 
the escapement was a small and perfect scythe; the 
escapement points were the handles on the snath, 
leaving the little blade free to swing back and forth 
when the clock was running. Every part of this clock 
was either a scythe, wheel or arrow and emblematical, 
as Muir used to say to me, of the cutting away of time. 
This clock was hung in an oak grub as a farmer hangs 
his scythe. The other clock was a strange affair and 
more nearly resembled in its structure the framework 
of a sawmill. It did many wonderful and uncanny 
things, such as throwing John out of bed in the morn· 
ing and at a predetermined time; picking a cap off a 
fluid lamp and lighting it with a match while he was 
on the floor rubbing his eyes; building the fire in the 
country school-house where he taught in the Winter 
morths. All these things it did without a miss. 
The stuily table was another curious and amusing 
device which Muir made for his own use. If had little 
resemblance to a table; the legs were wooden com­
passes and imitation wooden books. The top was slant­
ing and made of a series of cog wheels, the centre 
wheel being solid and about fourteen inches In diameter. 
This wheel was cut through the middle into two equal 
halves and the parts so hung on pivot pegs that the 
two halves would flop up, leaving an open space between 
them of about two inches. Underneath this wheel and 
on tracks was a car fitted with stalls. Muir would 
place his school books in the stalls In the order in 
which he wl8hed to study them, lock the car and put 
the key where It was difficult to get, attach the clock 
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If Sir William Ramsay's dream comes true, in which 
our coal will be burned underground and electrical 
energy stored up at the coalfields. At present, however, 
the housekeeper can help by using gas-stoves, although 
they are not very healthy. 
The factory, especially so in copper smelting, is very 
wasteful. Taking the case of copper smelting, a large 
quantity of metal dust, together with arsenic, is thrown 
out with the smelter smoke, having disastrous effects 
on the countryside. Long flues have been found to 
recover a large quantity of metal, but electrical meth­
ods are now employed to better advantage. 
Sir Oliver Lodge in 1884 showed an experiment at the 
British Association meeting in Montreal in which smoke 
was caused to condense and fall in fine particles by 
electrical means. By a similar process he managed to 
clear from fog a space of from 50 to 60 yards radius at 
r>iverpool University, the potential employed being 
100,000 volts, dense fogs being dissipated quicker than 
light ones. This has been applied recently to smelter 
smoke, and as much as 90 per cent of the metal dust can 
be recovered. The commercial value of dust is only just 
beginning to be realized. Wool dust, for example, is 
to the machinery of the desk, climb on a high stool 
and await results. The clock would move the car 
to place and by a knocker arrangement underneath 
push il book up through the open space between the 
halves of the solid cog wheel, close down the halves 
and open out the book. Muir would study that book 
until time was up, when the halves of the wheel would 
flop up and drop the book In its stall. The car would 
then move to the next stall and repeat to the end of 
the list of books. Muir prearranged with the clock as 
to the time he should have to study each book, which 
arrangement was carried out to the letter. It was 
amusing to watch John sitting at that desk as if 
chained, working like a beaver against the clock and 
desk. The deSk was built, he said, to make him more 
orderly and regular In his studies. He had a ther­
mometer made of parts of an old, broken waShboard, 
which was so sensitive that if one stood near it the 
index hand would quiver and move on the dial; also 
a miniature saw-mill with a self-setting log carriage­
ingenious but not practical; also a little device for 
measuring the growth of plants, so delicate that when 
attached to a plant, one could see the hand move across 
the dial, measuring the growth from hoUr to hour; 
also other devices as ingenious and curious In construc­
tion and purpose as the ones described. 
Muir's manner of life at the university was very 
simple. He boarded. himself, as many of the students 
did In those days. His diet consisted chiefly of bread 
and molasses, graham mush and a baked potato now 
and then. Being in the good graces of Pat, he obtained 
a key to the basement where the old-fashioned wood fur· 
naces were. Here he baked his potatoes In the hot 
ashes and boiled his mush on the hot coals. Muir was 
very poor at that time. He taught In the country 
schools in the Winter months, keeping up with his 
('ollege classes in the meantime, and worked on farms In 
the Summer to procure necessary funds to carry him 
along in college. 
For exercise he played wicket, walked and swam. 
Wicket was the only game then played at the university. 
It Is much like cricket, except that the bails are six 
feet long, placed fifty feet apart on pegs about eight 
Inches high. Four played the game, two at the ball and 
two at the bat. The ball was about the size of a mod­
ern football, but perfectly round and made of wound 
yarn covered with leather. The game furnished good 
exercise and was not so prolific of surgeon's bills and 
obituary notices as the modern game of football. 
Muir's course of study, while Irregular, corresponded 
closely to the then modern classical. He was a hard 
working student and very apt, and absorbed knowledge 
rapidly and accurately. The last two years of his 
course were devoted largely to chemistry and geology. 
He was acknowledged by common consent to be the 
most proficient chemical stUdent in college. There were 
no laboratory facilities in the University at that time 
so Muir built a chemical laboratory in the room. With 
the multitude of things already there, the chemical 
laboratory clapped the climax. It would require a 
vivid imagination to picture conditions in that room 
after the laboratory was constructed and in full opera­
ation. 
He was of a most gentle and loving di8posltion, a 
high-minded Christian gentleman, clean in thought and 
action. 'Vhile he was not a very regu lar attendant 
at church, he read his Bible and said his prayers 
morning and evening of every day and he led the kind 
of life that all this Imports. It must not be inferred, 
how('ver, thnt he was austere nnd without nny sen8e 
of humor, fun or frolic; far from It; he was as keen 
of a college prank as any of us. 
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now being employed as a fertilizer. In the near future 
will it be possible to collect road dust in order to 
extract the rubber worn from motor tires, and for it 
to be profitable? 
To phenomena dependent on dust must be added 
erystallization and supersaturation-the former needing 
its presence, and the latter needing its absence. 
And what would our world appear like if there were 
no dust? Very probably the sky would not have its 
delicate blue color, but would be black, with the sun 
glaring down on the earth without any diffusion, whilst 
the stars would be visible during both day and night; 
and no gloriously tinted sunrise or sunset for the poet 
or man of science to contemplate. On the other hand, 
no smoky towns, no dusty highways or furniture, and 
no fog. But which dusts cause the aesthetic results? 
Chiefly the volcanic and cosmic-those which we cannot 
help. And which dust is it which causes us so much 
annoyance, and which is so familiar? That whiCh we 
can help, by altering our roads, our locomotion, our 
domestic fires, and our factories. However, such is the 
progress of civilization, and truly "God made the coun­
try, and man made the town." 
Muir was not ambitious for wealth. What came to 
him of material prosperity was a mere incident of his 
life. It was his firm, unchanging religious faith, his 
all-absorbing love of man and beast and of nature 
generally that characterized the man and his life. 
The Children's Room in the Smithsonian 
Institution. 
IN the Smithsonian Institution at Washington there 
is a room especially arranged for the children. It is 
not fitted up with swings, slides and seesaws, but with 
some of the wonders of nature; curious animals, birds, 
fishes, Insects, plants, and rocks. 
The room was de8igned and prepared under the per­
sonal direction of the late secretary, Dr. Samuel Pier­
pont Langley, whose interests were so human and broad 
that he took time from his other studies to direct the 
arrangement of this room for his "little clients," as he 
called them. 
He believed in the saying of an early philosopher, 
that "knowledge begins in wonder," and realizing that 
some of his own researches were prompted in this way, 
he desired to interest children in science, so he based 
his grouping on the observiug powers of children, and 
selected for exhibition the greatest and smallest, and 
the brightest and most inconspicuous specimens, all of 
which he labeled with their common English names. 
This little room for the children still remains intact, 
just as Dr. Langley planned it sixteen years ago. 
In the center is an aquarium of brightly colored fishes 
and tiny turtles. The wall cases, which are all low so 
as to be within range of a child's vision, contain the 
different groups. The first, the "largest and smallest 
birds of prey," includes several birds ranging in size 
from the condor of the Andes to the tiny pygmy haWk. 
Next are the eagles and elf owls, followed by "some 
curious birds," all of which live up to their general 
label. Other birds are arranged together on account of 
their brilliant and gaudy coloration; one group consists 
of European birds, and another of common birds of the 
United States, one of the most interesting groups to the 
child who recognizes many of his feathered neighbors 
with surpri8ing joy and ease. Then there is a beaver 
busy cutting a log; and here are also an attractive 
series of "pretty shells," a case of "strange insects," 
another of beautiful' butterflies, followed by curious 
sponge and coral formations, and a case of "minerals 
and fossils." 
Probably one of the most appealing exhibits is the 
series, labeled "How Creatures Hide," the children's 
room title for protective mimicry, which shows some of 
nature's devices for the protection of her living things. 
Dr. Langley was exceedingly clear-8Ighted, and his 
efforts have 110 douht Instilled Into the minds of many 
children the germ for a scientific education. 
Recording Densimeter. 
THIS is a well-designed recorder for checking up the 
density of a solution which is used in the Industries, as 
the success of operations may depend on keeping the 
strength of a solution between certain Iim1t8. Workmen 
are likely to take greater pains when they know that 
a record diagram is being made for liquids 8\\('h as aeids 
or alkalis In che�ical Industries or the likf'. On the 
pilling of the liquid Is illsertf'd a lolmall tallk through 
which the liquid flows. A small glass float irs immersed, 
and It rises and falls with the varying density. The 
flollt hllngs in su('h 'VIlY IlS to ('Olllll'<'t hy corll to Il 
recorder deYice by which a tracer makes a pen r�cord 
upon a drum. 
